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In 2010, Λ∗cc¯ states were predicted as the strange number S = −1 partners of N∗cc¯, which are
well known now as the Pc states and observed experimentally by LHCb Collaboration. We analyze
the decay behaviors of Λcc¯ as S-wave hadronic molecules within the effective Lagrangian framework
by a similar method, which has been applied on Pc states successfully. With partial widths of
possible decay channels calculated, we find that Λcc¯(4213) and Λcc¯(4403), which are formed as
pseudoscalar meson baryon molecules, mainly decay to the ηcΛ channel. For the two vector meson
baryon molecule states, our results show that the total decay width with JP = 1
2
−
is by one order
of magnitude larger than that with JP = 3
2
−
. The decay patterns and relative decay ratios are
very different for Λcc¯(4370) being a D
∗−
s Λ
+
c or D¯
∗Ξc molecule state. The main decay channels of
Λcc¯(4550) are D¯
(∗)Ξ(∗,′)c because of the pseudoscalar meson exchange mechanism. In addition, D¯∗Ξc
is the dominant decay channel of Λcc¯(4490) which is assumed as a D¯Ξ
∗
c bound state. These decay
patterns of the Λ∗cc¯ states would provide a guidance for their future experimental searches and help
us to understand their internal structures.
PACS numbers:
I. INTRODUCTION
In Ref. [1], within the hidden local symmetry, not only
Ncc¯ states but also Λcc¯ states are predicted. The pre-
dicted Ncc¯ states are D¯Σc or D¯
∗Σc S-wave bound states
which locate around 4.3 GeV. They are found to be con-
sistent with the observed three peak structures by LHCb
Collaboration in 2019 [2]. In the LHCb earlier paper [3],
they named such states as Pc, whose flavor quanta num-
ber is the same as N∗ but definitely have cc¯ compo-
nents. However, the newest results with higher statistic
data from LHCb group have not been partial wave anal-
ysed, thus the spin and parity of these states are still
unknown. The Pc states have attracted much attention
since the first proposal in 2010 [1], and become a very
hot topic once the signals of them were first seen in 2015
by LHCb [3]. The main reason is that they are the first
exotic baryons discovered experimentally. But until now
the only experimental information of these states comes
from J/ψp invariant spectrum. Only their masses and to-
tal widths can be extracted. The quantum numbers and
the internal structures of these states are still unknown.
Many models have been applied to study them and vari-
ous explanations are proposed [4, 5]. Roughly speaking,
there are three different views of these peaks. Firstly,
they are recognized as meson baryon molecular states,
which can be divided in anticharmed meson charmed
baryon states [1, 6–34], baryo-charmonium states [35, 36],
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or the mixture of them [37, 38]. Secondly, they are
considered in constituent quark model [39–42], diquark-
diquark-antiquark picture [43–47], and diquark-triquark
picture [48]. Thirdly, the narrow peak of Pc(4450) might
result from triangle singularity (TS) effect [49–51], which
is purely kinematic effect, although for some quantum
numbers of the Pc state preferred in Ref. [3], such as
3/2− or 5/2+, the TS can not explain the peak as shown
in Ref. [52]. Recently, the new updated results by LHCb
collaboration [2] clearly show that the three narrow states
are all just below the corresponding anticharmed me-
son charmed baryon thresholds, which strongly suggests
the hadronic molecule nature for them. There are sev-
eral new theoretical papers [53–62] triggered by the new
LHCb results support meson baryon state description,
mainly from D¯(∗)Σ(∗), although they have different views
in detail. Only Ref. [63] argues that the internal struc-
tures still rely on the parities of these states. Here, we
want to emphasize that the mass and total width are
maybe not enough to distinguish among various models.
Definitely more information, such as the spin and parity,
and partial decay widths of these states are needed from
the new measurements in experiments. Correspondingly,
it is worthy to make the prediction of the partial widths
of these states from the theoretical side to help experi-
mentalists to find new reactions to search these states.
In previous papers [17, 21, 23, 30], the decay patterns
of Pc based on different assumptions of their internal
structures were studied. It is found that if P+c (4380) is a
JP = 32
−
D¯∗Σc molecular state, its width will be around
50 MeV, which is much smaller than that analyzed from
the experimental data. However, the width would be
around 150 MeV if P+c (4380) is assumed as a J
P = 32
−
D¯Σ∗c molecular state. This implies that it has more pos-
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2sibilities to be a D¯Σ∗c molecular state with J
P = 32
−
. On
the other hand, P+c (4450) is more likely to be a D¯
∗Σc
molecule with JP = 52
+
. In the updated results from
Ref. [2], the P+c (4380) is not mentioned but this broad
structure still exists in the fit, and P+c (4450) splits into
two states, P+c (4440) and P
+
c (4457), with both their spin
and parity not yet decided. The width of P+c (4440) is
around 20 MeV which is still comparable with the cal-
culations from Refs. [17, 21, 23, 30]. While another new
state Pc(4312) is more likely to be a D¯Σc molecular state
and is missing in the earlier measurement. Correspond-
ingly, in the previous relevant references, Pc(4312) has
not yet been studied. In the present work, we consider
the decay behaviors of the predicted Λcc¯ states similarly,
which should be quite useful for understanding their na-
ture with the help of the forthcoming experiments.
The Λcc¯, which are partners of Pc with strangeness -1
states, have already been investigated by several groups.
The strange hidden-charm state is considered in the
quark model, and both color octet type and color singlet
type are studied [64], which is different from this work,
where the Λcc¯ is assumed as a molecule with two color
singlet parts. It is found that the Λcc¯ below 4400 MeV are
all formed as two color octet parts, color octet uds and
cc¯ parts, and the spin and parity can be 1/2− and 3/2−.
Several possible decay modes are then discussed and they
found that both ηcΛ and J/ψΛ channel are suppressed,
while D¯sΛc and D¯Ξc are the possible main decay chan-
nels. Ref. [65] calculated the ΛcD¯
∗
s , Σ
(∗)
c D¯∗s and Ξ
(′,∗)
c D¯∗
interactions in the one boson exchange model. The re-
sults tell that a Ξ′cD¯
∗ state with JP = 12
−
and two Ξ∗cD¯
∗
states with JP = 12
−
and 32
−
are the most promising
molecular states. In addition, the production of Λ∗cc¯ are
predicted in various decay, and all the results suggest to
search it in the J/ψΛ invariant spectrum. Refs.[28, 66]
studied the Λb → J/ψηΛ decay, while Refs. [28, 67]
make the prediction of Ξ−b → J/ψK−Λ decay, and in
Ref. [28, 68], a theoretical study of the Λb → J/ψK0Λ
reaction is performed. Within the theoretical uncertain-
ties, all of these studies show that there would be rather
stable signals of the hidden-charm strange states. And
the partial widths are all consistent with the predictions
in Ref.[1], where only the contribution of vector meson
exchange is considered.
Among the predicted states in Ref. [1], there are six Λcc¯
states. Two of them are from pseudoscalar meson baryon
(PB) channel. Λcc¯(4213) is coupled to both D¯sΛ
+
c and
D¯Ξc channels, while Λcc¯(4403) only couples to D¯Ξ
′
c chan-
nel. The other four states are from vector meson baryon
(VB) channel, two of which are around 4370 MeV and
couple to both D¯∗sΛ
+
c and D¯
∗Ξc channels, and the other
two Λcc¯ states only couple to D¯
∗Ξ′c channel, with masses
around 4550 MeV. Note that in Ref. [1] for each VB
case its bound states always appear as a degenerate pair
of spin-parity JP = 1/2− and 3/2−, respectively, due
to an approximation of neglecting small spin-dependent
force. We consider Λcc¯(4213/4370) as either a D¯
(∗)
s Λ+c
or a D¯(∗)Ξc S-wave bound state and Λcc¯(4403/4550) as
a D¯(∗)Ξ′c S-wave molecule. An additional D¯Ξ
∗
c S-wave
bound state is also taken into consideration assuming to
be Λcc¯(4490) with spin-parity-3/2
− and binding energy
of about 23 MeV. In the work, we make an estimation
of the partial decay widths of these seven Λcc¯ states to
possible two body decay channels, which is expected to
help figure out the nature of these Λcc¯ states.
This article is organized as follows. In Sect. II, we
present the theoretical framework of our calculation. In
Sect. III, the numerical decay widths of the Λcc¯ states and
relevant discussions about these results are presented,
then a brief summary in Sect. IV of this work is followed
and an Appendix. A is presented at last.
II. THEORETICAL FRAMEWORK
The decays of these Λcc¯ states proceed through trian-
gular diagrams as shown in Fig. 1. The possible molec-
ular assumptions, their decay modes and corresponding
exchanged mesons are listed in Table I.
Λcc¯
CM
CB
FM
EM
FB
FIG. 1: Feynman diagram for the two body decay of Λcc¯ in
the molecule picture, where CM(CB) denotes the constituent
meson (baryon) of the composite system, FM(FB) denotes
the final meson (baryon), EM denotes the exchanged meson.
We use effective Lagrangian method to calculate all
the considered processes and the involved Lagrangians of
various kinds of vertices are given [32, 69, 70]:
LBBP = gBBP
mP
B¯γµγ5∂µPB,
LBBV = −gBBV B¯γµVµB,
LBDP = gBDP
mP
(D¯µB + B¯Dµ)∂µP,
LBDV = −igBDV
mV
(D¯µγ5γνB − B¯γ5γνDµ)
×(∂µVν − ∂νVµ),
LPPV = −gPPV (P∂µP − ∂µPP )V µ,
LV V P = gV V P
mV
µναβ∂
µV ν∂αV βP,
LV V V = gV V V < (∂µVν − ∂νVµ)V µV ν >, (1)
where P , V , B, D denote pseudoscalar, vector meson,
octet and decuplet baryon, respectively. It should be
mentioned that we use the masses of pseudoscalar and
vector mesons in the Lagrangians instead of mpi, mρ and
mω in the original expressions. This could be regarded
3TABLE I: All possible decay modes considered in the calculation. NA denotes that the corresponding decay is not allowed.
Mode
Threshold
(MeV)
Exchanged Particle
Λcc¯(4213) Λcc¯(4403) Λcc¯(4370) Λcc¯(4490) Λcc¯(4550)
D−s Λ
+
c (4255) D¯Ξc(4337) D¯Ξ
′
c(4445) D
∗−
s Λ
+
c (4399) D¯
∗Ξc(4478) D¯Ξ∗c(4513) D¯
∗Ξ′c(4587)
J/ψΛ 4213 NA NA D, D∗ Ds, D∗s D, D
∗ D, D∗ D, D∗
ηcΛ 4100 D
∗
s D
∗ D∗ Ds, D∗s D, D
∗ D∗ D, D∗
D¯Ξc 4337 NA NA NA K
∗ ηc, ρ, ω, J/ψ NA pi, η
D−s Λ
+
c 4255 NA NA NA ηc, J/ψ K¯
∗ NA K¯
φΛ 2135 Ds, D
∗
s NA NA Ds, D
∗
s NA NA NA
ρΣ 1968 NA D, D∗ D, D∗ NA D, D∗ D, D∗ D, D∗
ωΛ 1898 NA D, D∗ D, D∗ NA D, D∗ D, D∗ D, D∗
piΣ 1331 NA D∗ D∗ NA D, D∗ D∗ D, D∗
ηΛ 1664 D∗s D
∗ D∗ Ds, D∗s D, D
∗ D∗ D, D∗
η′Λ 2073 D∗s D
∗ D∗ Ds, D∗s D, D
∗ D∗ D, D∗
K¯N 1435 D∗ NA NA D, D∗ NA NA NA
K¯∗N 1833 D, D∗ NA NA D, D∗ NA NA NA
KΞ 1814 NA D∗s D
∗
s NA Ds, D
∗
s D
∗
s Ds, D
∗
s
K∗Ξ 2212 NA Ds, D∗s Ds, D
∗
s NA Ds, D
∗
s Ds, D
∗
s Ds, D
∗
s
D∗−s Λ
+
c 4399 NA NA K¯ NA NA K¯ K¯
D¯∗Ξc 4478 NA NA NA NA NA pi, η pi, η
D¯Ξ∗c 4513 NA NA NA NA NA NA pi, η, η
′, ρ, ω
D¯Ξ′c 4445 NA NA NA NA NA ρ, ω pi, η, η
′, ηc, ρ, ω, J/ψ
as a correction to the strongly broken SU(4) flavor sym-
metry, which is applied in calculating the coupling con-
stants. Then we apply SU(4) flavor symmetry and hidden
local symmetry to relate the coupling constants in Eq. (1)
to known couplings. As shown in Ref. [1, 71], hidden lo-
cal symmetry will make D¯Ξc and D¯Ξ
′
c decouple, since Ξc
and Ξ′c belong to 6 and 3¯ of qq (two light quarks pair)
components, respectively. The relation of all the needed
couplings constants and the values of given couplings are
shown in Appendix A.
The S-wave interactions involving Λcc¯ is taken into con-
sideration by using Lorentz covariant orbital-spin (L-S)
scheme [72], and the corresponding Lagrangians from the
L-S scheme are:
LΛcc¯( 12−)PB = gΛcc¯( 12−)PBΛ¯cc¯PB,
LΛcc¯( 12−)V B = gΛcc¯( 12−)V BΛ¯cc¯γ5(gµν −
pµpν
p2
)γνV µB,
LΛcc¯( 32−)V B = gΛcc¯( 32−)V BΛ¯cc¯µV
µB,
LΛcc¯( 32−)PD = gΛcc¯( 32−)PDΛ¯cc¯µPD
µ, (2)
where pµ is the momentum of the Λcc¯ state.
The coupling constants in Eq. (2) can be estimated by
using [73–75]:
g2 =
4pi
4Mm2
(m1 +m2)
5/2
(m1m2)1/2
√
32 (3)
where M , m1 and m2 are the masses of Λcc¯, constituent
meson and constituent baryon, respectively, and  is the
binding energy. It should be noticed that Eq. (3) is valid
for an S-wave shallow bound state. In Table II, all these
Λ∗cc¯ involved coupling constants are listed, and their cor-
responding values in Ref. [1] are also given. It shows that
the coupling constants determined in these two meth-
ods are quite close, except the values of those coupled
to D
(∗)−
s Λ+c channel. The difference is that there are
coupled channel effects in Ref. [1], while these coupling
constants in the present work is calculated for a specific
bound state.
Since there exists ultraviolet (UV) divergences in the
loop integrals when calculating the amplitudes, we use
the same method as Refs. [23, 30, 33] to absorb the diver-
gence. A Gaussian regulator with the cutoff Λ1 is used to
suppress the contribution of the two constituents at short
distance and another off-shell form factor is included for
the exchanged meson with the cutoff Λ2. Their explicit
forms are given as:
φ(q2E/Λ
2
1) = exp(−q2E/Λ21),
4TABLE II: All the Λ∗cc¯ involved coupling constants from
Eq.(3)/Ref. [1].
Λ∗cc¯ Consistent Channel
D−s Λ
+
c D¯Ξc D¯Ξ
′
c
Λ∗cc¯(4213) 2.58/1.37 3.32/3.25 -
Λ∗cc¯(4403) - - 2.50/2.64
D∗−s Λ
+
c D¯
∗Ξc D¯∗Ξ′c
Λ∗cc¯(4370) 2.36/1.23 3.21/3.14 -
Λ∗cc¯(4550) - - 2.40/2.53
D−s Ξ
∗
c
Λ∗cc¯(4490) 2.10
f(q2) =
Λ42
(m2 − q2)2 + Λ42
, (4)
where qE = (mCMpCB − mCBpCM )/(mCM + mCB) is
the Euclidean Jacobi momentum. As discussed in our
previous work, the cutoff Λ1 varies from 0.8 to 1.2 GeV
and Λ2 is in the range of 1.8 to 2.2 GeV.
III. RESULTS AND DISCUSSIONS
Taking all into account, the partial decay widths of
the seven Λcc¯ states in different S-wave hadronic molec-
ular assumptions to possible two body channels listed in
Table I could be calculated. According to the analysis
in previous works [30, 33], we adopt Λ1 = 1.0 GeV and
Λ2 = 2.0 GeV as a set of typical values. The numerical
results obtained with this set of typical cutoff values are
displayed in Table III. These values cannot be regarded
as the precise results because our model does not include
the coupled channel effects and also suffers from large
uncertainties due to the coupling constants from SU(4)
relations and the choice of cutoffs Λ1 and Λ2. The uncer-
tainties of coupling constants would come from the SU(4)
breaking, hidden local symmetry breaking and multi-loop
contributions, and all of them are beyond the present
model and should be improved in the future. Since the
cutoff dependence of the decay widths will not change
the relative value of partial widths as shown later, we can
pick up the main decay channels from Table III to esti-
mate the cutoff dependence. In Tables IV−XIV, we show
all partial decay widths with different values of cutoffs Λ1
and Λ2 varying from 0.8 − 1.2 GeV and 1.8 − 2.2 GeV,
respectively. We find that the partial widths are rather
stable for different choices of Λ2, while they will suffer
uncertainties of a factor 4 for Λ1 from 0.8 to 1.2 GeV. It
is confirmed that the cutoffs only affect the total decay
widths but will not influence the relative decay ratios.
In the first two columns of Table III, we find that for
the Λcc¯(4213) states with spin-parity-1/2
−, the total de-
cay widths are about 10 MeV for both D−s Λ
+
c and D¯Ξc
molecular assumptions, while the decay patterns are very
different in these two cases. For being a D−s Λ
+
c bound
state, the three main decay channels are K¯N , ηcΛ and
K¯∗N , whose ratio reaches 85%. However, if Λcc¯(4213) is
a D¯Ξc molecule, it mostly decays to piΣ, ηcΛ, KΞ and
ρΣ. These four final states account for 88% of its width.
We consider the dependence of the partial decay widths
of these main channels on the cutoffs Λ1 and Λ2, and
the corresponding results are shown in Tables IV and
V. Furthermore, in the present work we also include the
pseudoscalar meson exchange, and we found that the vec-
tor meson baryon channels contribute around 20% of the
total width.
The numerical decay widths are very different from
those of Ref. [1]. As discussed before, the two main dif-
ferences between these two works are that in this work
the coupled channel effects are not included and the con-
tributions from pseudoscalar meson exchange are lacked
in Ref. [1]. For the Λcc¯(4213) case, there is no pseu-
doscalar meson exchange for pseudoscalar meson baryon
decay channels, so it is the nice place to inspect the cou-
pled channel effects. In Ref. [1], Λcc¯(4213) is a two couple
channels bound state, while in this work we treat it as
a D−s Λ
+
c and a D¯Ξc molecule, respectively, and the cou-
pled channel effects are not included. It can be found
that for the case of Λcc¯(4213) as a D
−
s Λ
+
c molecule, the
primary decay channel is K¯N , which is about half of the
total decay width, and this conclusion is the same as in
Ref. [1]. However, the numerical decay width value of
K¯N is about 4 MeV, which is much smaller than that
in Ref. [1] with about a factor 4. Furthermore, for other
light pseudoscalar meson light baryon decay channels,
the decay widths in our model are all smaller with a fac-
tor 3 to 4. The coupled channel effects do have effects
on the decay ratios, but it is not a severe problem here
since the overall difference could be removed by resetting
the values of two cut-offs or the couplings. In addition,
both in these two models, ηcΛ is the secondary domi-
nating decay channel, which occupies around 20% of the
total decay width. In summary, we can see from the
comparison above that the coupled channel effects will
not influence the decay estimation results heavily, thus
the results calculated through the triangle diagrams are
reasonable. Through these comparison, it implies that
ηcΛ and K¯N channels could be the appropriate ones to
search for the Λcc¯(4213) state.
The S-wave D¯Ξ′c state named as Λcc¯(4403) is consid-
ered with JP = 12
−
. Among all possible decay channels,
ηcΛ is the most important, since it provides more than
70% to the total decay width, which is about 12.6 MeV.
The secondary and tertiary dominating decay channels
are piΣ and η′Λ. Similarly, the dependence of the decay
widths of these three channels on the cutoffs Λ1 and Λ2
are calculated. In Table VI, the numerical results are
given. This result is also smaller than that in Ref. [1],
although the partial widths of the largest decay channel
ηcΛ is very similar around 10-15 MeV. The main dif-
ference is due to the very small partial widths of piΣ
5TABLE III: The partial decay widths of the three Λcc¯ states in different S-wave hadronic molecular assumptions to possible
decay channels with Λ1 = 1.0 GeV and Λ2 = 2.0 GeV. All of the decay widths are in the unit of MeV, and NA denotes that
the corresponding decay is not allowed.
Mode
Widths (MeV)
Λcc¯(4213) Λcc¯(4403) Λcc¯(4370) Λcc¯(4490) Λcc¯(4550)
D−s Λ
+
c D¯Ξc D¯Ξ
′
c D
∗−
s Λ
+
c D¯
∗Ξc D¯Ξ∗c D¯
∗Ξ′c
1
2
− 1
2
− 1
2
− 1
2
− 3
2
− 1
2
− 3
2
− 3
2
− 1
2
− 3
2
−
J/ψΛ NA NA 0.045 3.006 0.766 2.380 0.592 0.464 10.143 2.254
ηcΛ 2.624 1.961 9.126 0.085 0.002 0.076 0.002 0.115 0.485 0.019
D¯Ξc NA NA NA 1.679 0.002 3.260 0.002 NA 99.134 5.094
D−s Λ
+
c NA NA NA 0.000 0.000 3.862 0.021 NA 4.307 0.316
φΛ 0.269 NA NA 4.403 0.380 NA NA NA NA NA
ρΣ NA 1.245 0.248 NA NA 20.697 1.781 2.837 6.247 0.428
ωΛ NA 0.137 0.243 NA NA 2.304 0.194 2.824 6.248 0.417
piΣ NA 2.902 1.008 NA NA 0.881 0.074 0.165 0.314 0.026
ηΛ 0.749 0.114 0.354 0.207 0.017 0.033 0.003 0.056 0.107 0.009
η′Λ 0.438 0.278 0.845 0.100 0.008 0.063 0.005 0.109 0.212 0.017
K¯N 4.417 NA NA 1.359 0.112 NA NA NA NA NA
K¯∗N 1.301 NA NA 21.103 1.537 NA NA NA NA NA
KΞ NA 1.528 0.531 NA NA 0.410 0.035 0.075 0.149 0.012
K∗Ξ NA 0.501 0.109 NA NA 8.463 0.824 1.130 2.575 0.204
D∗−s Λ
+
c NA NA 0.112 NA NA NA NA 1.304 2.558 0.327
D¯∗Ξc NA NA NA NA NA NA NA 15.709 47.178 4.687
D¯Ξ∗c NA NA NA NA NA NA NA NA 1.127 24.421
D¯Ξ′c NA NA NA NA NA NA NA 0.024 106.219 2.028
Total 9.798 8.666 12.621 31.942 2.824 42.429 3.533 24.812 287.003 40.259
TABLE IV: The dependence of the partial decay widths
of Λcc¯(4213) as a J
P = 1
2
−
D−s Λ
+
c molecule to ηcΛ, K¯N
and K¯∗N channels on the cutoffs: (upper) Λ2 changes with
Λ1 fixed at 1.0 GeV; (nether) Λ1 changes with Λ2 fixed at
2.0 GeV.
Widths (MeV) with Λ1 = 1.0 GeV
Λ2 (GeV) 1.8 2.0 2.2
ηcΛ 1.736 2.624 3.584
K¯N 2.036 4.417 8.157
K¯∗N 0.756 1.301 2.095
Widths (MeV) with Λ2 = 2.0 GeV
Λ1 (GeV) 0.8 1.0 1.2
ηcΛ 1.446 2.624 4.170
K¯N 2.268 4.417 7.604
K¯∗N 0.682 1.301 2.199
and η′Λ from our calculation. Actually, in the reactions
D¯Ξ′c → piΣ or η′Λ, one exchanges a deep off-shell D∗ par-
ticle, therefore, the amplitude strongly suffers from the
form factor formalism and corresponding cutoffs. Obvi-
ously, the cutoff regularization in Ref. [1] is very different
from the one in the present work, thus the partial width
predictions have strong model dependence for such cases.
One sees that the total decay width of the Λcc¯(4370)
state described as a JP = 12
−
D∗−s Λ
+
c molecule is 32 MeV
with Λ1 = 1.0 GeV and Λ2 = 2.0 GeV. This value
is much larger, by one order of magnitude, than that
2.8 MeV with JP = 32
−
. We found that the D∗ exchange
in K¯∗N channel contributes the most to total decay
width in both spin-parity-1/2− and 3/2− cases. The first
three dominant two body decay channels of Λcc¯(4370) are
J/ψΛ, φΛ and K¯∗N in this D∗−s Λ
+
c hadronic molecu-
lar assumption. Since the branching ratio of these three
decay channels have already reached 89% and 95% for
JP = 12
−
and JP = 32
−
cases, respectively, we will dis-
cuss the dependence of the decay width on the cutoffs
only in these three channels. These dependence results
are given in Tables VII and VIII.
6TABLE V: The dependence of the partial decay widths of
Λcc¯(4213) as a J
P = 1
2
−
D¯Ξc molecule to ηcΛ, ρΣ, piΣ and
KΞ channels on the cutoffs: (upper) Λ2 changes with Λ1 fixed
at 1.0 GeV; (nether) Λ1 changes with Λ2 fixed at 2.0 GeV.
Widths (MeV) with Λ1 = 1.0 GeV
Λ2 (GeV) 1.8 2.0 2.2
ηcΛ 1.428 1.961 2.478
ρΣ 0.791 1.245 1.879
piΣ 1.238 2.902 5.553
KΞ 0.650 1.528 2.941
Widths (MeV) with Λ2 = 2.0 GeV
Λ1 (GeV) 0.8 1.0 1.2
ηcΛ 0.965 1.961 3.390
ρΣ 0.568 1.245 2.338
piΣ 1.308 2.902 5.540
KΞ 0.691 1.528 2.905
TABLE VI: The dependence of the partial decay widths of
Λcc¯(4403) as a J
P = 1
2
−
D¯Ξ′c molecule to ηcΛ, piΣ and η
′Λ
channels on the cutoffs: (upper) Λ2 changes with Λ1 fixed at
1.0 GeV; (nether) Λ1 changes with Λ2 fixed at 2.0 GeV.
Widths (MeV) with Λ1 = 1.0 GeV
Λ2 (GeV) 1.8 2.0 2.2
ηcΛ 6.482 9.126 11.751
piΣ 0.441 1.008 1.921
η′Λ 0.409 0.845 1.515
Widths (MeV) with Λ2 = 2.0 GeV
Λ1 (GeV) 0.8 1.0 1.2
ηcΛ 4.909 9.126 14.773
piΣ 0.518 1.008 1.737
η′Λ 0.427 0.845 1.474
TABLE VII: The dependence of the partial decay widths
of Λcc¯(4370) as a J
P = 1
2
−
D∗−s Λ
+
c molecule to J/ψΛ, φΛ
and K¯∗N channels on the cutoffs: (upper) Λ2 changes with
Λ1 fixed at 1.0 GeV; (nether) Λ1 changes with Λ2 fixed at
2.0 GeV.
Widths (MeV) with Λ1 = 1.0 GeV
Λ2 (GeV) 1.8 2.0 2.2
J/ψΛ 1.919 3.006 4.217
φΛ 2.499 4.403 7.270
K¯∗N 11.997 20.945 34.237
Widths (MeV) with Λ2 = 2.0 GeV
Λ1 (GeV) 0.8 1.0 1.2
J/ψΛ 1.679 3.006 4.692
φΛ 2.159 4.403 7.968
K¯∗N 10.226 20.945 38.058
TABLE VIII: The dependence of the partial decay widths
of Λcc¯(4370) as a J
P = 3
2
−
D∗−s Λ
+
c molecule to J/ψΛ, φΛ
and K¯∗N channels on the cutoffs: (upper) Λ2 changes with
Λ1 fixed at 1.0 GeV; (nether) Λ1 changes with Λ2 fixed at
2.0 GeV.
Widths (MeV) with Λ1 = 1.0 GeV
Λ2 (GeV) 1.8 2.0 2.2
J/ψΛ 0.510 0.766 1.044
φΛ 0.248 0.380 0.572
K¯∗N 1.023 1.527 2.247
Widths (MeV) with Λ2 = 2.0 GeV
Λ1 (GeV) 0.8 1.0 1.2
J/ψΛ 0.429 0.766 1.214
φΛ 0.163 0.380 0.796
K¯∗N 0.639 1.527 3.281
The Λcc¯(4370) represents a pair of degenerate D¯
∗Ξc
bound states with spin-parity-1/2− and 3/2−, respec-
tively. The total decay width with JP = 12
−
is about
42 MeV, which is much larger than the width 3.5 MeV
with JP = 32
−
. J/ψΛ, ρΣ, ωΛ and K∗Ξ are the four pri-
mary channels of Λcc¯(4370) with J
P = 32
−
, while two
more channels D¯Ξc and D
−
s Λ
+
c are needed when dis-
cussing the main decay channels with JP = 12
−
. The
decay widths of these channels occupy more than 96% of
the total decay width in both two cases. Among all the
final states considered, ρΣ with D∗ exchange dominates,
followed by K∗Ξ with D∗s exchange. In Tables IX and
X, we display the partial decay widths dependence on Λ1
and Λ2 of these decay channels.
In Ref. [1], Wu et al. estimate the decay widths of
the predicted Λcc¯(4370) states from V B → V B inter-
action by exchanging a vector meson. The total decay
width of Λcc¯(4370) is 28.0 MeV with 13.9 MeV from
K¯∗N , 3.1 MeV from ρΣ, 0.3 MeV from ωΛ, 4.0 MeV
from φΛ, 1.8 MeV from K∗Ξ and 5.4 MeV from J/ψΛ.
Since Λcc¯(4370) couples to both D
∗−
s Λ
+
c and D¯
∗Ξc in
Ref. [1], the fourth(fifth) and sixth(seventh) column in
Table III should be combined when comparing these two
partial decay widths. We can find that the decay patterns
with JP = 12
−
is in good accordance with the results in
Ref. [1]. The difference comes from that in our calcula-
tion both pseudoscalar and vector meson exchange are
involved, while in Ref. [1] only vector meson exchange is
considered. Therefore, if there is only one Λcc¯ state in
this energy range, it can be distinguished by the value of
the total width, i.e., Λcc¯(4370)(
1
2
−
) state prefer a broad
state, while JP = 32
−
state will be very narrow.
The Λcc¯(4550) represents a pair of degenerate D¯
∗Ξ′c
bound states predicted in Ref. [1] for spin-parity of 1/2−
and 3/2−, respectively. The three dominating decay
channels are D¯Ξc, D¯
∗Ξc and D¯Ξ′c for J
P = 12
−
case and
D¯Ξc, D¯
∗Ξc and D¯Ξ∗c for J
P = 32
−
case. The dependence
7TABLE IX: The dependence of the partial decay widths of
Λcc¯(4370) as a J
P = 1
2
−
D¯∗Ξc molecule to J/ψΛ, D¯Ξc,
D−s Λ
+
c , ρΣ, ωΛ and K
∗Ξ channels on the cutoffs: (upper)
Λ2 changes with Λ1 fixed at 1.0 GeV; (nether) Λ1 changes
with Λ2 fixed at 2.0 GeV.
Widths (MeV) with Λ1 = 1.0 GeV
Λ2 (GeV) 1.8 2.0 2.2
J/ψΛ 1.660 2.380 3.106
D¯Ξc 2.636 3.171 3.594
D−s Λ
+
c 3.024 3.862 4.565
ρΣ 13.179 20.696 31.423
ωΛ 1.467 2.304 3.503
K∗Ξ 5.352 8.463 12.992
Widths (MeV) with Λ2 = 2.0 GeV
Λ1 (GeV) 0.8 1.0 1.2
J/ψΛ 1.164 2.380 4.096
D¯Ξc 1.387 3.171 5.466
D−s Λ
+
c 1.815 3.862 6.376
ρΣ 8.418 20.696 43.220
ωΛ 0.936 2.304 4.817
K∗Ξ 3.454 8.463 17.626
TABLE X: The dependence of the partial decay widths of
Λcc¯(4370) as a J
P = 3
2
−
D¯∗Ξc molecule to J/ψΛ, ρΣ, ωΛ
and K∗Ξ channels on the cutoffs: (upper) Λ2 changes with
Λ1 fixed at 1.0 GeV; (nether) Λ1 changes with Λ2 fixed at
2.0 GeV.
Widths (MeV) with Λ1 = 1.0 GeV
Λ2 (GeV) 1.8 2.0 2.2
J/ψΛ 0.436 0.593 0.744
ρΣ 1.362 1.781 2.355
ωΛ 0.148 0.193 0.255
K∗Ξ 0.611 0.824 1.123
Widths (MeV) with Λ2 = 2.0 GeV
Λ1 (GeV) 0.8 1.0 1.2
J/ψΛ 0.289 0.593 1.040
ρΣ 0.607 1.781 4.387
ωΛ 0.066 0.193 0.478
K∗Ξ 0.289 0.824 1.982
of the partial decay widths of these main channels on cut-
offs in both two cases are listed in Tables XI and XII. The
total decay width of Λcc¯(4550) is 36.6 MeV in Ref. [1],
and only ρΣ, ωΛ, K∗Ξ and J/ψΛ four channels are con-
sidered in the coupled channel calculation. From our re-
sults, the values of partial widths of these four dominant
channels in Ref. [1] are well consistent in JP = 12
−
case.
However, in our calculation the dominant decay channels
are charmed baryon and anticharmed meson channels,
D¯Ξc, D¯
∗Ξc and D¯Ξ′c, and their decay widths are larger
than others by one magnitude order. The main reason
is that these reactions exchange light pseudoscalar and
TABLE XI: The dependence of the partial decay widths of
Λcc¯(4550) as a J
P = 1
2
−
D¯∗Ξ′c molecule to D¯Ξc, D¯
∗Ξc
and D¯Ξ′c channels on the cutoffs: (upper) Λ2 changes with
Λ1 fixed at 1.0 GeV; (nether) Λ1 changes with Λ2 fixed at
2.0 GeV.
Widths (MeV) with Λ1 = 1.0 GeV
Λ2 (GeV) 1.8 2.0 2.2
D¯Ξc 89.808 99.249 106.417
D¯∗Ξc 47.464 50.646 52.942
D¯Ξ′c 97.676 106.064 112.303
Widths (MeV) with Λ2 = 2.0 GeV
Λ1 (GeV) 0.8 1.0 1.2
D¯Ξc 56.248 99.249 149.577
D¯∗Ξc 29.299 50.646 73.882
D¯Ξ′c 58.174 106.064 163.452
TABLE XII: The dependence of the partial decay widths
of Λcc¯(4550) as a J
P = 3
2
−
D¯∗Ξ′c molecule to D¯Ξc, D¯
∗Ξc
and D¯Ξ∗c channels on the cutoffs: (upper) Λ2 changes with
Λ1 fixed at 1.0 GeV; (nether) Λ1 changes with Λ2 fixed at
2.0 GeV.
Widths (MeV) with Λ1 = 1.0 GeV
Λ2 (GeV) 1.8 2.0 2.2
D¯Ξc 4.593 5.050 5.398
D¯∗Ξc 4.716 5.025 5.248
D¯Ξ∗c 21.602 24.555 26.816
Widths (MeV) with Λ2 = 2.0 GeV
Λ1 (GeV) 0.8 1.0 1.2
D¯Ξc 4.156 5.050 5.538
D¯∗Ξc 3.123 5.025 7.045
D¯Ξ∗c 12.279 24.555 39.465
vector meson, while in Ref. [1] they missed various in-
teraction vertices, such as V V P , BBP , DBP and DBV
vertices. This conclusion is in accordance with the results
of the Pc states in Ref. [23, 30], where the dominating
decay channel of Pc is D¯
(∗)Λc. According to our calcula-
tion, the total decay width of Λcc¯(4550) with J
P = 32
−
is
about 40 MeV, while in the JP = 12
−
case, the width of
Λcc¯(4550) is quite broad, since both D¯Ξc and D¯Ξ
′
c final
states have a width of about 100 MeV.
In the present work, besides the four Λcc¯ states pre-
dicted in Ref. [1], there is an additional S-wave D¯Ξ∗c
state included. We choose it to be Λcc¯(4490) with spin-
parity-3/2−, whose binding energy equals to 23 MeV.
Since the two Pc states are regarded as D¯Σ
∗
c and
D¯∗Σc molecules [13–16, 21, 23, 30] and the KΣ∗ and
K∗Σ are applied to explain the nature of N(1875) and
N(2080) [33], it is quite nature that there exist the D¯Ξ∗c
bound state together with the D¯∗Ξc bound state. The
partial decay widths of Λcc¯(4490) are already given in Ta-
ble III. It can be seen that ρΣ, ωΛ and D¯∗Ξc are the first
three dominating channels and D¯∗Ξc channel with pi ex-
8TABLE XIII: The dependence of the partial decay widths of
Λcc¯(4490) as a J
P = 3
2
−
D¯Ξ∗c molecule to ρΣ, ωΛ and D¯
∗Ξc
channels on the cutoffs: (upper) Λ2 changes with Λ1 fixed at
1.0 GeV; (nether) Λ1 changes with Λ2 fixed at 2.0 GeV.
Widths (MeV) with Λ1 = 1.0 GeV
Λ2 (GeV) 1.8 2.0 2.2
ρΣ 1.691 2.838 4.548
ωΛ 1.691 2.824 4.516
D¯∗Ξc 14.956 15.709 16.243
Widths (MeV) with Λ2 = 2.0 GeV
Λ1 (GeV) 0.8 1.0 1.2
ρΣ 1.439 2.838 4.966
ωΛ 1.425 2.824 4.970
D¯∗Ξc 8.904 15.709 23.890
change contributing the most among all the final states.
The dependence of the partial decay widths of these three
final states on cutoffs are given in Table XIII.
As the Λcc¯(4490) state is not predicted in previous
works, we should also discuss the dependence of its de-
cay widths on the binding energy. Since the thresholds of
D¯∗Ξc is 4478 MeV, and the state should not be tightly
bound, we only range the mass of the state from 4480
to 4500 MeV. The numerical results are shown in Ta-
ble XIV. It turns out that the partial decay width of
the D¯∗Ξc channel relies the most on the binding energy,
while the widths of other decay channels vary very lit-
tle when the binding energy changes. The reason could
be that the state locates very close to the threshold of
D¯∗Ξc, the phase space influences the most for this chan-
nel especially when the D¯Ξ∗c state is bounded tightly. It
can be seen that the branching ratio of D¯∗Ξc is always
the largest, which is similar as what happens in the Pc’s
case [23, 30]. And the binding energy being 23 MeV could
be a proper choice when discussing this D¯Ξ∗c bound state.
It is a firm conclusion that the total decay width of the
possible D¯Ξ∗c state should be around 25 MeV with D¯
∗Ξc
being the primary final state.
According to our calculation, we suggest to search for
Λcc¯(4213) and Λcc¯(4403) states in the ηcΛ system and
Λcc¯(4490) and Λcc¯(4550) states in the charmed baryon
and anticharmed meson system, eg. D¯∗Ξc. And it should
be easier to search for Λcc¯(4370) state in the ρΣ, K¯
∗N
or K∗Ξ production than others. It is quite meaningful
to search for these Λcc¯ states experimentally and the ex-
perimental results will strongly help to disentangle the
nature of these Λcc¯ structures.
IV. SUMMARY
Inspired by the success of the investigation on the de-
cay behaviors of Pc states, we extend the approach to
study the two body decays of Λcc¯ states through trian-
gle diagram with mesons exchange in different hadronic
TABLE XIV: The dependence of the decay widths of Λcc¯ as
a JP = 3
2
−
D¯Ξ∗c molecule to possible decay channels on the
binding energy with Λ1 = 1.0 GeV and Λ2 = 2.0 GeV.
Mode
Widths (MeV)
D¯Ξ∗c (J
P = 3
2
−
)
Λcc¯(4480) Λcc¯(4490) Λcc¯(4500)
J/ψΛ 0.453 0.464 0.453
ηcΛ 0.107 0.115 0.121
ρΣ 2.986 2.837 2.558
ωΛ 2.976 2.824 2.542
piΣ 0.172 0.165 0.152
ηΛ 0.058 0.056 0.052
η′Λ 0.112 0.109 0.101
KΞ 0.078 0.075 0.069
K∗Ξ 1.190 1.130 1.017
D∗−s Λ
+
c 1.219 1.304 1.334
D¯∗Ξc 6.302 15.709 20.365
D¯Ξ′c 0.012 0.024 0.042
Total 15.665 24.812 28.806
molecular assumptions. According to Ref. [1], the pre-
dicted six Λcc¯ states can be divided into two groups,
two pseudoscalar meson baryon molecules and four vec-
tor meson baryon molecules. In various anticharmed
meson and charmed baryon molecular assumptions with
JP = 12
−
or 32
−
, the possible partial decay widths are
calculated.
For the two pseudoscalar meson baryon molecule Λcc¯
states, their JP only can be 12
−
for S-wave interac-
tion. Λcc¯(4213) could be either a D
−
s Λ
+
c or D¯Ξc bound
state, and the total decay width in these two assump-
tions are similar, which is around 10 MeV. But the main
decay channels in these two cases are different. For
D−s Λ
+
c molecule, the main decay channels are K¯N and
ηcΛ, while it is piΣ and ηcΛ channels for D¯Ξc molecule.
Λcc¯(4403) is an S-wave D¯Ξ
′
c molecular state, whose dom-
inant decay channel is ηcΛ and its decay width is con-
sistent with that in Ref. [1]. However, for other two
important decay channels without cc¯ components, piΣ
and ηΛ, the decay widths are much smaller than that in
Ref. [1]. It suggests that such widths suffer from model
dependence because the exchanged particle could be far
off-shell in some cases. In summary, for these two Λcc¯
states, the total decay widths are dozens of MeV, and
ηcΛ is the best channel to search for them.
The other four Λcc¯ states are formed by a vector meson
and a baryon, thus their JP can be 12
−
or 32
−
. Accord-
ing to our calculation, the total width with JP = 32
−
is much smaller than that with JP = 12
−
. Λcc¯(4370)
could either be a D∗−s Λ
+
c or D¯
∗Ξc bound state. We find
9that when Λcc¯(4370) is a D
∗−
s Λ
+
c molecule, J/ψΛ, φΛ
and K¯∗N are the three dominating final states, while ρΣ
and K∗Ξ occupy more for Λcc¯(4370) being a D¯∗Ξc bound
state. The decay patterns we get with JP = 12
−
are in
good accordance with the predicted results in Ref. [1].
The predicted two nearly degenerate Λcc¯ states around
4550 MeV with JP of either 1/2− or 3/2− are D¯∗Ξ′c
molecular states. Since the light pseudoscalar mesons
exchange are included in this work, it can decay to an-
ticharmed meson and charmed baryon final states, such
as D¯(∗)Ξc, D¯Ξ∗c and D¯Ξ
′
c. This leads to a very broad
width with JP = 12
−
, which is about 300 MeV, while
the width is about 40 MeV with JP = 32
−
. This result
is consistent with the conclusion in the Pc’s case, where
the main decay channels of Pc are D¯
(∗)Λc. Thus, for
such states, the D¯(∗)Ξ∗c channels should be good choices
to search for.
At last, an additional S-wave D¯Ξ∗c bound state is sup-
posed to exist in the calculation, which is Λcc¯(4490). The
results tell that its primary decay channels are ρΣ, ωΛ
and D¯∗Ξc. The dependence of partial decay widths on
the binding energy is also discussed. And it is found that
the total width is rather stable when the binding energy
varies, which is always between 10 to 30 MeV.
In summary, we have studied the decay behaviors of
seven Λcc¯ states. Different molecular assumptions and
spin-parities will lead to very different total widths and
decay patterns. It is quite promising to find these states
experimentally in the future.
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Appendix A: couplings of triangle diagram
The coupling constants of the vertices in the triangle
diagrams are related to each other by SU(4) flavor sym-
metry [76–78] or heavy quark symmetry, chiral symme-
try and hidden local symmetry [79–81]. The employed
relations for various coupling constants are given by the
following expressions:
gΛcND = −
3
√
3
5
gBBP ,
gΛcΛDs =
3
√
2
5
gBBP ,
gΛcΛcηc =
3
√
2
5
gBBP ,
gΞcΛD = −
3
5
√
2
gBBP ,
gΞcΣD =
3
√
3
5
gBBP ,
gΞcΞDs = −
3
√
3
5
gBBP ,
gΞcΞcηc =
3
√
2
5
gBBP ,
gΞ′cΛD =
√
3
5
√
2
gBBP ,
gΞ′cΣD =
1
5
gBBP ,
gΞ′cΞDs =
1
5
gBBP ,
gΞ′cΛcK = −
√
6
5
gBBP ,
gΞ′cΞcpi = −
√
6
5
gBBP ,
gΞ′cΞcη = −
3
5
gBBP ,
gΞ′cΞ′cpi =
2
√
2
5
gBBP ,
gΞ′cΞ′cη = −
2
5
√
3
gBBP ,
gΞ′cΞ′cη′ =
4
√
2
5
√
3
gBBP ,
gΛcND∗ = −
√
3gBBV ,
gΛcΛD∗s =
√
2gBBV ,
gΛcΛcω = 2gBBV ,
gΛcΛcJ/ψ =
√
2gBBV ,
gΛcΞcK∗ =
√
2gBBV ,
gΞcΛD∗ = −
1√
2
gBBV ,
gΞcΣD∗ =
√
3gBBV ,
gΞcΞD∗s = −
√
3gBBV ,
gΞcΛcK∗ = −
√
2gBBV ,
gΞcΞcρ =
√
2gBBV ,
gΞcΞcω = gBBV ,
gΞcΞcφ = −
√
2gBBV ,
gΞcΞcJ/ψ =
√
2gBBV ,
gΞ′cΛD∗ = −
√
3
2
gBBV ,
gΞ′cΣD∗ = −gBBV ,
gΞ′cΞD∗s = −gBBV ,
gΞ′cΞ′cρ =
√
2gBBV ,
gΞ′cΞ′cω = gBBV ,
gΞ′cΞ′cφ = −
√
2gBBV ,
gΞ′cΞ′cJ/ψ =
√
2gBBV ,
gD∗sKD =
√
2gPPV ,
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gD∗sηDs = −
2√
3
gPPV ,
gD∗sη′Ds =
√
2
3
gPPV ,
gD∗sηcDs = −
√
2gPPV ,
gD∗piD =
√
2gPPV ,
gD∗KDs =
√
2gPPV ,
gD∗ηD =
1√
3
gPPV ,
gD∗η′D =
√
2
3
gPPV ,
gD∗ηcD = −
√
2gPPV ,
gDDρ =
√
2gPPV ,
gDDω = gPPV ,
gDDJ/ψ = −
√
2gPPV ,
gDDsK∗ =
√
2gPPV ,
gφDsDs = −
√
2gPPV ,
gJ/ψDsDs = −
√
2gPPV ,
gD∗sKD∗ = gV V P ,
gD∗sDK∗ = gV V P ,
gD∗sDsJ/ψ = gV V P ,
gD∗sDsφ = −gV V P ,
gD∗sηD∗s = −
√
2
3
gV V P ,
gD∗sη′D∗s =
1√
3
gV V P ,
gD∗sηcD∗s = gV V P ,
gD∗piD∗ = gV V P ,
gD∗ηD∗ =
1√
6
gV V P ,
gD∗η′D∗ =
1√
3
gV V P ,
gD∗ηcD∗ = gV V P ,
gD∗DJ/ψ = gV V P ,
gD∗Dω =
1√
2
gV V P ,
gD∗Dρ = gV V P ,
gD∗DsK∗ = gV V P ,
gD∗sJ/ψD∗s = gV V V ,
gD∗sφD∗s = gV V V ,
gD∗sK∗D∗ = −gV V V ,
gD∗J/ψD∗ = gV V V ,
gD∗ρD∗ = −gV V V ,
gD∗ωD∗ = − 1√
2
gV V V ,
gΞ∗cΞ′cpi =
1
2
√
3
gDBP ,
gΞ∗cΞ′cη = −
1
6
√
2
gDBP ,
gΞ∗cΞ′cη′ =
1
3
gDBP ,
gΞ∗cΞcpi =
1
2
gDBP ,
gΞ∗cΞcη =
√
3
2
√
2
gDBP ,
gΞ∗cΛcK = −
1
2
gDBP ,
gΞ∗cΛD =
1
2
gDBP ,
gΞ∗cΣD =
1√
6
gDBP ,
gΞ∗cΞDs = −
1√
6
gDBP ,
gΞ∗cΞ′cρ =
1
2
√
3
gDBV ,
gΞ∗cΞ′cω =
1
2
√
6
gDBV ,
gΞ∗cΛD∗ =
1
2
gDBV ,
gΞ∗cΣD∗ =
1√
6
gDBV ,
gΞ∗cΞD∗s = −
1√
6
gDBV , (A1)
where gBBP = 0.989, gBBV = 3.25, gPPV = 3.02,
gV V P = −7.07, gV V V = 2.298, gDBP = 2.127 and
gDBV = 16.03 [82, 83]. Note that the D in the left side
of the equation represents the D meson and the D in the
right side of the equation refers to a decuplet baryon.
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